Understanding Inheritance

RESTRICTION ENZYMES |

L.ike the immune systems of vertebrate
eukaryotes, the restriction enzymes of bac-
teria combat foreign substances. In particu-
lar, restriction enzymes render the DNA of,
say, an invading bacteriophage harmless
by catalyzing its fragmentation, or, more
precisely, by catalyzing the breaking of cer-
tain -O—P-0- bridges in the backbones of
each DNA strand. The evolution of restric-
tion enzymes helped many species of bac-
teria to survive; their discovery by humans
helped precipitate the recombinant-DNA
revolution.

Three types of restriction enzymes are
known, but the term “restriction enzyme”
refers here and elsewhere in this issue to
type Il restriction endonucleases, the only
type commonly used in the study of DNA. (A
nuclease is an enzyme that catalyzes the
breaking of -O—P—O- bridges in a string of
deoxyribonucleotides orribonucieotides; an
endonuclease catalyzes the breaking of
internal rather than terminal -O-P-O-
bridges.) Many restriction enzymes have
beer isolated; more than seventy are avail-
able commercially. Each somehow recog-
nizes and binds to its own restriction sites,
short stretches of double-stranded DNA
with a specific base sequence. Havingbound
to one of its restriction sites, the enzyme
catalyzes the breaking of one particular -O-
-P—0- bridge in each DNA strand.

The accompanying table lists a few of the
more commonly used restriction enzymes
and the organism in which each is found.
The first three letters of the name of a
restriction enzyme are an abbreviation for
the species of the source organism and are
therefore customarily italicized. The next
letter(s) of the name designates the strain of
the source organism, and the terminal Ro-
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Restriction Enzyme Source Organism Base Sequence of Restriction Site
BamH]1 Bacillus 5'-GGATCC-3'
amyloliquefaciens 3'-CCTAGE-5'
EcoRlI Escherichia coli 5'-GIAATTC-3'
3'-CTTAAG-5
Haelll Haemophilus aegyptius 5'-GAECC-3'
3'-CCKx3G-5'
Hindll Haemophilus influenzae 5'-GT(C or T{A or G)AC-3'
3'-CA(G or AJ(T or C)TG-5'
Mbol Moraxella bovis 5'§GATC-3'
3'-CTAGR5'
Notl Nocardia otitidis 5'-G GCCGC
3'-CGCCGECG
Tagl Thermus aquaticus 5'-TICGA
3'-AG

man numeral denotes the order of its dis-
covery in the source organism.

Also listed in the table are the base se-
qguences of the restriction sites of the en-
zymes. The red line separates the ends of
theresulting fragmenis. The restriction sites
of many of the known restriction enzymes
and of all the restriction enzymes listed in
thetable have palindromic base sequences.
That is, the 5™-t0-3" base sequence of one
strand is the same as the 5°-to-3" base
sequence of its compiementary strand. Both
the bridges broken by a restriction enzyme
that recognizes a palindromic sequence lie
within or at the ends of the sequence.

Note that most of the restriction enzymesin
the table make “staggered” cuts; that is,
they produce fragments with -protruding
single-stranded ends. Those “cohesive,” or
“sticky,” ends are very usefui. Suppose that

a sample of human DNA and a sample of
phage DNA are both fragmented with the
same restriction enzyme, one that makes
staggered cuts. When ihe resuiting frag-
ments are mixed, they will tend to hydrogen
bond. with each other because of the
compiementarity of their sticky ends. in
particuiar, some human DNA fragmenis
will hydrogen bond to some phage DNA
fragments. And that bonding is the first step
in the creation of a recombinant DNA mol-
ecuie.

Afinal pointabout restriction enzymesis the
problem of how the DNA of a bacterium
avoids being chopped up by the friendiy fire
of the restriction enzyme(s) it produces.
Evoiution has soived that probiem also. A
bacteriumthat produces a type il restriction
endonuclease produces in addition-another
enzyme that catalyzes the modification of
restriction sites in its own DNA in'a manner
such that they cannot serve as binding sites
for the restriction enzyme.
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